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Penetration Modular Test Based on Lunar Soil Simulant
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College of Environment and Civil Engineering, Chengdu University of Technology, Chengdu Sichuan 610059, China

Abstract: To understand the interaction between sampling machines and lunar soil simulant, and to verify the feasibility of
modular modeling of lunar soil sampling machines. The experimental study on mechanical penetration load under different
conditions was carried out, based on the CUG-1A lunar soil simulant developed by China University of Geosciences (Wuhan),
and the theoretical model was established based on the experimental results for verification. The average growth rate of
penetration resistance of each machine in the shallow simulation of lunar soil was 19.9% , which was increased to 38.18% in the
shallow simulation, and 63.43% in the deep simulation. The average error of penetration velocity to penetration resistance was
2.5%; the average growth rate between penetration angle and penetration resistance was 62.85%; the penetration resistance of
different cross-section machines was approximately 1:2:3:4. At the same time, the modular verification of the machine structure
was carried out, and the accuracy of the test and model can reach more than 85%. The penetration resistance of sampling
machines is significantly correlated with penetration depth, mode and machine structure, and the modular theoretical model can
be established to accurately predict the penetration resistance of machines under different conditions.
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Fig.2 Test process (a) and machine penetration into simulated lunar soil (b)
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Fig.3 The manipulator (a) used in the test, the fixed equipment of the penetration machine (b) and the motion state of the manipu-

lator (c)
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Fig.5 CUG-1A simulated lunar soil (a), sample preparation (b) and machine penetration (c)
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Fig.6 Penetration resistance test results



1058 HiBERBL2%  http://www.earth-science.net 49 %
P 0 #3 RENEABKRAES
AH Table 3 Penetration resistance of different tools
Ho AN AM MK E, N AH N gami Ak ML (N)
R R R B K E, mm. ) (mm/s) —FIE L Ul =ohe
HFR I 4% T 4 Bl A% T LB R 7 A 30 5 741 1453 1938 26.70
W B 7 449 BE A B g 3K S BT BT R B % L o 0 T
LA T TR B AL ) 8 L e 30 15 734 1420 2140 25.65
45 5 718 1870  31.15  38.85
B AR 0~15 mm 1 ¥ 2 IR R BR 607 45 10 10.14 1844  29.83  37.66
5mm/s Z&MF T 4 F LA X B A S B, BEAKE 45 15 951 1622 2679  40.66
97 ¥ e K K F) 39,129, FL 4 it B 4 ) B AR 60 5 11.87 2072 3282 44.92
S H K R Ny 18.4% 75 45 5 B2 LA A 15~ 60 10 12.08 2752 4597 5542
45 mm B % VR I 60° 10 mm)/s & F 4 60 15 9.00  27.82 3642 5341
Fh UL A BT ABH ) P Y15 K36 38.47 04 A, H AR 8
B 4% PF T BT AR 7 8 3 5P 28 | MO S Tom
YA ] BE A BE A 8 T AS [ L EL B BE A AR Sy
K, BB 1 OF B8 K ROy 23.2% . 39.98% Al 1007 <45 122;?2
58.89% . ik B ¥ J5 VR 1Y 2~3 A% 5 T 76 #E A 45~ 0] 0 10

60 mm [ I )2 UR B i, B AL L AR 5 BT A
B 38 K, BN BH T DAL EL s R 0 O L B
BH 7 3% < 2 0 B0 BE 1, R W) AL HL 9 52 ABH ) oF
8 KR AR R Ry 41.37% . 73.1% A1 88.1% , ik F
WJZ R 2~54% , [A) B 53 A BH 7 o 3k 3 e K.
23 BANEESH
7 A 50 25 1 — o B DL T, A Bl SR AR AL
FLA B, & L BT A B Bl B A TR 1 O
%ﬁu[’&ls&ﬁﬁr IFi] 78 1T SR A AL L i B A S G o,
K 2 H bR 5 VR B B BB ) RN Ry A, R
22 R/NUNFR 4 It . ) A5 T TR R R BT A AR B Ak R
TSR B N B 22 /N T 20 %0 5 Bl BEAHLE
B 3G K, T ABH ) R 25 BRI BE AR E 15%
DLV 5 I Bl BT A A BE 3G R, BT A B g 3% 28 o AN 7 1

a SENMMEE30° AR

—— — % Smm/s
-7 J%10 mm/s

30
—= —FJE15 mm/s
—*— L5 mm/s
——LJ£10 mm/s
—+=LI%15mm/s

—o— UJE5 mm/s
——UJ£10 mm/s

—- UJ%15 mm/s

—o— %0 J5 JE5 mm/s
== 20 J7 10 mm/s
—= 0715 mm/s

25

20

TNFH FI(N)

e
n

(=)
(=1

BN FR J7°F £ 58 K 3R (%)
S
(=1

20

& 7

BEN IR (mm)
LN DR S R

30

45

60

Fig.7 Average growth rate of penetration resistance
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Table 4 Error of penetration resistance with different penetration velocities
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Fig.9 Penetration angle test
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Table 5 Growth rate of penetration resistance of U-shaped and hollow square machines
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Fig.12  Average error of combined equipment
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Table 6 The average error rate after modular combination of different machine structures

PEAE 30°, BEAGEE 10 mm/s

B 45", BTABUE 10 mm/s

TAME 60", BT A 10 mm/s

0~15mm 15~30 mm  30~60 mm 0~15mm

15~30 mm

30~60 mm 0~15 mm 15~30 mm  30~60 mm

578.23%
L+L 670.13%
~305.00%

~2.49% 12.00%
-4.72% 7.96%
-2.54% 7.70%

~159.05%
~448.62%
142.35%

~36.06%
-3.39%
35.38%

~2.70%
3.95%
9.25%

—470.58%
~602.46 %
~593.20%

—-34.01%
-0.26%
-3.88%

—-0.42%
—0.43%
5.49%
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Fig.16 Closed force of machine tools
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